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Kocuria species are rare pathogens in immunocompromised
adults and children. In addition, the present series includes
the ﬁrst reported case of endocarditis due to K. kristinae and
expands the clinical spectrum of infections caused by this
group of bacteria.
All four patients with K. kristinae infection in the present
study had an implanted catheter and all of them had catheter
removal prior to clearance of infection. This is consistent
with a previously reported case in which persistent K. kristi-
nae bacteraemia did not improve until catheter removal [6]
and suggests that catheter removal should be recommended
for the treatment of K. kristinate infection.
In this survey of 21 isolates identiﬁed as Kocuria species by
conventional biochemical analysis, the ﬁndings with respect
to 16S rRNA gene sequencing for 20 isolates of K. kristinae
were consistent with the conventional test results. However,
for another non-K. kristinae isolate, the results of 16S rRNA
gene sequencing were different from the identiﬁcation made
by the Phoenix system and the VITEK 2 system. This ﬁnding
suggests that accurate identiﬁcation to the species level
requires advanced molecular methods such as 16S rRNA
gene sequencing, which are useful for the identiﬁcation of
clinically signiﬁcant species Kocuria.
Data on the antibiotic susceptibility patterns of Kocuria
species are very limited. Our results were in accordance
with those obtained in a previous study [11]. However, the
four K. kristinae isolates had oxacillin MICs up to 4 mg/L,
which were considered resistant to oxacillin if MIC inter-
pretive breakpoints for S. aureus and S. lugdunensis (resistant,
MICs ‡ 4 mg/L) or for other coagulase-negative staphylo-
cocci (resistant, MICs ‡ 0.5 mg/L) were applied [12]. Despite
the difﬁculty in drawing inferences about an optimal antibi-
otic treatment based on this limited experience, our data
suggest that the clinical microbiology laboratory has the abil-
ity to identify these unusual bacteria to the species level
because as a result of the different drug susceptibility pat-
terns for the different Kocuria species.
In conclusion, Kocuria is an uncommon cause of infection
in immunocompromised patients. The clinical manifestations
are protean, and include catheter-related infection and infec-
tive endocarditis. Accurate identiﬁcation with molecular
methods is imperative for the diagnosis of these unusual
pathogens.
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The sensitivity of direct identiﬁcation from
positive BacT/ALERT (bioMe´rieux) blood
culture bottles by matrix-assisted laser
desorption ionization time-of-ﬂight mass
spectrometry is low
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Abstract
Recently, matrix-assisted laser desorption ionization time-of-
ﬂight mass spectrometry (MALDI-TOF MS) has been presented
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as a novel method for the direct identiﬁcation of bacteria from
positive blood culture bottles. The rate of the MALDI TOF MS-
based identiﬁcation in the present study from positive BacT/
ALERT (bioMe´rieux, Marcy l’Etoile, France) blood culture bottles
was 30%, which is far below the previously reported sensitivities
using the BACTEC (Becton Dickinson, Franklin Lakes, NJ, USA)
system. We also found evidence that the Biotyper algorithm did
not identify a second pathogen in cases of positive BacT/ALERT
blood culture bottles containing two different species.
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Rapid bacterial identiﬁcation is crucial in blood culture diag-
nostics. A variety of different methods have been applied to
lower the time required to achieve the results of bacterial
identiﬁcation from positive blood culture bottles. Recently,
matrix-assisted laser desorption ionization time-of-ﬂight mass
spectrometry (MALDI-TOF MS) has been used for rapid
identiﬁcation of bacteria and yeasts [1,2]. Initial reports, with
a small sample number, showed that MALDI-TOF MS is
applicable for direct identiﬁcation from positive blood cul-
tures [3]. Two large studies have also been published
describing this technology as a novel and straightforward
method in blood culture diagnostics [4,5]. Because the
remaining blood components may interfere with the MALDI-
TOF MS measurement, several washing and centrifugation
steps are included in all protocols. Interestingly, all published
studies employed the BACTEC (Becton Dickinson, Franklin
Lakes, NJ, USA) blood culture bottle system. We therefore
were interested in determining whether the quality of the
result obtained using the BacT/ALERT (bioMe´rieux, Marcy
l’Etoile, France) bottle is similar to that of previously pub-
lished studies.
In the present study, the direct identiﬁcation of pathogens
from the subset of noncharcoal containing BacT/ALERTSA
(Ref: 259789) and BacT/ALERTSN (Ref: 258790) blood cul-
ture bottles by MALDI-TOF MS was evaluated. The samples
were collected from 11 hospitals (University and teaching
hospitals). The Microﬂex LT system and Biotyper 2.0 data-
base (Bruker, Bremen, Germany) was used for identiﬁcation.
Data acquisition was performed according to the manufac-
turer’s instructions. Positive blood cultures were plated on
Columbia blood agar with 5% sheep blood, Chocolate agar,
Mac Conkey and Sabouraud agar (bioMe´rieux) and were
incubated for 2 days in an atmosphere with 5% CO2. Cul-
tured bacteria were identiﬁed by MALDI-TOF MS and
served as the reference identiﬁcation [2]. The extraction
protocol used in the present study was previously described
by Maier et al. [3], but slightly differs from protocols used by
others [4,5]. Cellular components were removed by washing
and elution steps in all published protocols. In the protocol
of Stevenson et al. [4], several washing and centrifugation
steps were included, in contrast to the more basic protocols
of La Scola [5] and Maier et al. [3]. The proportion of cor-
rectly identiﬁed samples of different published protocols
were reported as 59% [5], 76% [5], 71.6% [4] and 75.9% [3].
Nevertheless, it was shown that a reduction of the second
centrifugation time from 20 to 5 min as well as the use of
formic acid instead of triﬂuoroacetic acid could increase sen-
sitivity [5].
In a ﬁrst phase of the present study, a preliminary (n = 50
each) comparison of different blood culture systems (BacT/
ALERT and BACTEC 9240 systems), using the same extrac-
tion protocol, suggested that the rate of correct direct iden-
tiﬁcation from the BacT/ALERTSA and BacT/ALERTSN
bottles was lower with 28% (seven out of 25 samples) com-
pared to a rate of 76% for the BACTEC system (38 out of
50 samples; p 0.035). Moreover, these experiments sug-
gested that the rate of correct identiﬁcation of bacteria from
charcoal-containing BacT/ALERTFA (Ref: 259791) and
BacT/ALERTFN (Ref: 259793) blood culture bottles was
even lower with two out of 25 samples (8%) identiﬁed,
although the difference was not statistically signiﬁcant (p
0.15).
In the next phase of the study a total of 268 culture-posi-
tive BacT/ALERT (SA and SN) bottles was included. Fifty-
nine samples (64%) showed a Biotyper 2.0 score in the range
1.5–2.0, and 33 samples (36%) had a score >2.0, indicating
probable species identiﬁcation according to the cut-off score
suggested by the manufacturer (Table 1). One hundred and
twenty-ﬁve out of 268 samples (47%) were interpreted by
the Biotyper software as comprising a nonreliable identiﬁca-
tion with a score <1.5, and, in 51 samples (19%), no score
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(weak signal-to-noise ratio) was obtained. A species identiﬁ-
cation was obtained in 13 out of 20 cases of culture-negative
bottles with a mean ± SD score of 1.0 ± 0.2 (range 0.8–1.5).
The Biotyper algorithm will falsely identify bacteria even in
blood-spiked blood culture bottles because a ‘no pathogen’
data entry with a corresponding blood component-depen-
dent peak pattern is missing (data not shown). In 97% (122
out of 125) of the samples with a score <1.5, the pathogens
were falsely identiﬁed.
In 82 out of 92 samples (88%) with a score >1.5, the iden-
tiﬁcation by MALDI-TOF was the same as the standard. In
nine blood culture samples, MALDI-TOF identiﬁcation was
correct for one species but missed a co-infection with an
additional bacterial species (10%). In cases of cultures with
two species, lower scores are expected (Table 2). Neverthe-
less, a mean score of 2.14 (minimum 1.5, maximum 2.31)
was reached in these cultures, indicating that even a high
score (>2) cannot rule out a second species. This aforemen-
tioned result was similar to previous ﬁndings obtained with
the BACTEC system in the Biotyper 2.0 database [5] and is
mainly responsible for the reduction of the very high accu-
racy of 98.8% to a moderate value of 88.8%. In addition, sim-
ilar to a previous study [5], errors were found for certain
bacteria (Table 1). In one sample, Escherichia coli was identi-
ﬁed by MALDI-TOF from the positive blood culture,
although S. aureus was cultured. The rapid identiﬁcation of
bacteria in the MALDI-TOF MS using BacT/ALERT bottles
was successful in only 86 out of 268 (32%) of all samples.
Nevertheless, only a large side-by-side study using the same
pathogens in both bottle systems could determine whether
bottle-speciﬁc reagents will interfere with the measurement.
In conclusion, a low rate of correct species identiﬁcations
was found with respect to the direct identiﬁcation of positive
blood-culture bottles by MALDI-TOF MS in the present
study. These results reported are in contrast to previous
studies [3–5] and suggest that differences exist with respect
to the bottle subset or the underlying extraction protocol.
Despite the high rate of samples with low scores, the accu-
racy of the direct identiﬁcation from positive BacT/ALERT
blood culture bottles was high (88.8%) using a Biotyper 2.0
cut-off score of 1.5. The low rate of a correct identiﬁcation
(30%) argues against the routine application of this technol-
ogy in this particular subset of BacT/ALERT-bottles. The
further optimization of an extraction protocol for these
bottles and an improvement of the identiﬁcation algorithm is
desirable.
TABLE 2. Biotyper 2.0-based identiﬁcation of mixed cultures
Species 1 cultured Species 2 cultured
MALDI TOF MS
identiﬁcation
Biotyper
2.0 score
Escherichia coli Enterococcus faecalis Escherichia coli 2.31
Escherichia coli Enterococcus faecalis Escherichia coli 2.11
Escherichia coli Enterococcus faecalis Escherichia coli 2.2
Escherichia coli Klebsiella pneumoniae Escherichia coli 2.23
Escherichia coli Morganella morganii Escherichia coli 2.28
Escherichia coli Morganella morganii Escherichia coli 2.14
Acinetobacter lwofﬁi Staphylococcus epidermidis Acinetobacter lwofﬁi 1.86
Enterococcus faecalis Staphylococcus epidermidis Enterococcus faecalis 1.5
Enterococcus faecalis Staphylococcus haemolyticus Enterococcus faecalis 1.8
In nine blood culture samples the Biotyper-based direct identiﬁcation from BacTALERTSA and BacTALERTSA bottles was correct for one species. The second cultured
species was missed in all samples. A high score value cannot rule out blood culture samples with two different species.
MALDI-TOF MS, matrix-assisted laser desorption ionization time-of-ﬂight mass spectrometry.
TABLE 1. Biotyper 2.0-based direct microbial identiﬁcation in BacTALERT bottles
Biotyper
score
Samples,
n (%)
Correct
MALDI-TOF
result, n (%)
Second
species
missed
Enterobacteriaceae,
n (%)
Nonfermenter,
n (%)
Staphylococci,
n (%)
Enterococci
Streptococci,
n (%)
Other
pathogens
No peaks 51 (19) ND ND 5 (9) 1 (2) 22 (43) 16 (31) 7
<1.5 125 (46) 4 (3.2) ND 24 (19) 5 (4) 47 (29) 29 (23) 20
1.5–1.69 14 14 (100) 0 2 (14) 0 12 (85) 0 0
1.7–1.99 45 41 (91.1)
44* (97.7)
3 21 (44) 1 (2) 23 (48) 2 (4) 1
2.0–2.3 26 21 (80.7)
26* (100)
5 23 (74) 1 (3) 3 (10) 3 (10) 1
>2.3 7 6 (85.7)
7* (100)
1 5 (62.5) 1 (12.5) 1 (12.5) 1 (12.5) 0
A Biotyper score >1.5 indicates a high accuracy (88.8%) for a direct identiﬁcation from positive BacTALERTSA and BacTALERTSN-bottles. Nevertheless, the rate of cor-
rect identiﬁcations over all samples was low (30%). In several samples, two species were cultured: one was identiﬁed correctly, whereas the second was missed.
*Indicating an interpretation of a correct identiﬁcation; ND, not determined; MALDI-TOF, matrix-assisted laser desorption ionization time-of-ﬂight.
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Does RecA have a role in Borrelia
recurrentis?
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Abstract
Genomic sequencing of two relapsing fever spirochaetes showed
truncation of recA in Borrelia recurrentis, but not in Borrelia dutto-
nii. RecA has an important role among bacteria; we investigated
whether this characteristic was representative of B. recurrentis,
or an artefact following in vitro cultivation. We sequenced recA
directly from samples of patient with louse-borne relapsing fever
(B. recurrentis) or tick-borne relapsing fever (B. duttonii). We con-
ﬁrmed the premature stop codon in seven louse-borne relapsing
fever samples, and its absence from three tick-borne relapsing
fever samples. Furthermore, speciﬁc signature polymorphisms
were found that could differentiate between these highly similar
spirochaetes.
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Analysis of the full genomic sequences of two relapsing
fever spirochaetes that remain prevalent in East Africa
showed that these organisms were highly similar [1]. Indeed,
it would appear that the louse-borne Borrelia recurrentis was
derived from the tick-borne Borrelia duttonii, or that both
evolved from a similar common ancestral strain. Further-
more, the genome of B. recurrentis appeared to be a
degraded subset of that of B. duttonii, containing many
pseudogenes that have with functional counterparts in B. du-
ttonii [1]. One such polymorphism is the apparent trunca-
tion of recA seen in B. recurrentis; this gene remains
functional in B. duttonii. As there are implications regarding
the efﬁcacy of DNA repair and recombination without func-
tional RecA, we explored whether this feature was unique
to the cultivated strain A1 from which the genomic
sequencing was performed, or whether this was a charac-
teristic of B. recurrentis in general.
Given that greater diversity has been seen among B. dutto-
nii detected in either ticks or in clinical samples than in culti-
vable isolates [2], we decided to characterize recA genes
directly from patient samples rather than looking only at suc-
cessfully cultivated isolates. Our clinical samples were
obtained from patients diagnosed with either louse-borne
relapsing fever from Ethiopia (n = 30) or from those with
tick-borne relapsing fever from Tanzania (n = 4). Diagnosis
was conﬁrmed by demonstration of the spirochaetes by
examination of Giemsa-stained or Field’s-stained blood ﬁlms,
and subsequently conﬁrmed by real-time PCR with primers
(Table 1) against the ﬂagellin gene. These spirochaetes were
further typed by sequence analysis of their 16S RNA–
23S RNA intragenic spacer region (Table 1) [2,3]. Primers
designed against the published recA gene sequence were used
to characterize the sequence of this gene directly from clini-
cal samples. Sequencing was performed in both directions,
using BigDye 3.1 chemistry on an ABI3700 at the Queen
Mary’s University of London genomic sequencing centre,
London.
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